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ABSTRACT
Vitamin D level is known to play an important role in the regulation of different 
human functions, including the functions of the cardio-vascular and musculo-
skeletal systems. The aim of the study was to find relations between vitamin D 
level, skeletal muscles tone and body composition in conditions of prolonged 
physical load. 
Sixty-five well-trained male soldiers from the Estonian ESTCOY-8 infantry 
company were examined before and after a six-month military mission to assess 
the soldiers’ vitamin D level, skeletal muscles tone and body composition. 
The results of the study showed that, during the long-term military mission, 
muscle tone of lower extremities decreased in conditions where vitamin D sta-
tus was significantly increased (from average 40 to 104 nmol/L; p<0.001). We 
also found that the upper and middle part m. trapezius tone increased signifi-
cantly during long-term strenuous military mission. 
Our study showed that the long-time military mission influenced the 
  skeletal muscles functional state. Decrease in muscle tone of lower extremi-
ties was related to increase in serum vitamin 25(OH)D level (in average by 
64nmol/L). At the same time muscle tone of m. trapezius increased in our group 
of subjects, and this increase was linked to WHR.
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INTRODUCTION
Roles for vitamin D have been established in the function of the cardiovascu-
lar, immune and musculoskeletal systems [13, 7]. Impairment of different body 
systems (including the immune and cardiovascular systems) during prolonged 
physical load is well known [6, 19]. Different studies [5, 4, 14] have suggested 
that vitamin D maintains physical performance, and poor vitamin D status 
affects muscle strength. Vitamin D deficiency has been proposed to cause mus-
cular impairment before adverse effects occur in bone. So, Glerup et al [5] have 
shown that proximal muscle weakness is a salient feature of clinical vitamin 
D deficiency. At the same time, it is well known that vitamin D is an essential 
nutrient obtained from the diet and exposure to sunlight [11]. Muscle tone, 
also termed tonus by definition of Gale Encyclopaedia of Medicine, is the nor-
mal state of balanced tension in the body muscles. A muscle with high tone is 
stiffer than usual and is more difficult to stretch [12]. We could not find any 
studies about the relations between vitamin D status and muscle tone.
Therefore, we were interested in examining well-trained soldiers before and 
after a strenuous military mission to assess the effect of long-term physical load 
on soldiers’ skeletal muscles tone in relation to their body composition (includ-
ing waist-hip ratio – WHR) and vitamin D level. These Estonian soldiers were 
shown to achieve normal levels of 25(OH)D after the mission, although they 
had vitamin D insufficiency (25(OH)D<50nmol/L) before deployment in 
Afghanistan [17].
MATERIAL AND METHODS
Thirty-six well-trained male soldiers (age=264 before the mission) from the 
Estonian ESTCOY-8 infantry company were examined before and after a six-
month military mission in Afghanistan. This study was a small part of a larger 
examination of the Estonian ESTCOY-8 infantry company soldiers conducted 
by the Department of Cardiology, University of Tartu, supervised by Prof. Jaan 
Eha, that has been partly reported by Salum et al. in 2011 [17] and partly by 
Veldre et al in 2011 [21]. The study was approved by the Institutional Eth-
ics Committee, and informed consent was given by each participant. Body 
height, body weight, waist circumference and hip circumference were meas-
ured according to Martin and Saller (1956) [10] in the ordinary way. BMI 
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body height (m). The functional state of skeletal muscle tone of soldier’s m. 
erector spinae (ES) tone (Hz) (ES), upper, middle, lower m. trapezius muscle 
tone (TR(A,B,C), m. biceps femoris (BF) and m. rectus abdominis (RA) before 
and after mission was assessed by using myotonometric measurements with 
the Myoton-2 myometer, created at the University of Tartu, Estonia [20], and 
improved in different studies [1, 22].
Body composition (body fat percentage, visceral fat level and skeletal mucle 
percentage) was assessed by OMRON Body Composition Monitor BF500. 
Enrolled subjects’ serum samples 25-hydroxyvitamin D (25(OH)D) assay 
was analysed in the centralized laboratory of Tartu University Hospital. 
Statistical analysis was performed using the SPSS software package version 
17.0 (SPSS, Inc., Chicago, Illinois). Paired Samples Test was used to compare a 
person’s variables before and after the military mission. The level of p<0.05 was 
selected to indicate statistical significance.
RESULTS
The mean variables of the subjects before and after the six-month military mis-
sion are shown in Table 1.
During the mission, vitamin D level and tone of the body (upper and middle 
m. trapezius tone) and tone of the lower extremities (tone of m. biceps   femoris, 
m. rectus femoris and m. tibialis anterior) changed statistically significantly. Vita-
min D level increased significantly (p<0.0001) in the studied soldiers dur-
ing mission time. There was a statistically significant (p<0.01) decrease in the 
tone of m. rectus femoris and m. tibialis anterior (respectively from 12.3±1.38 to 
10.1+0.80 Hz and from 17.4±1.49 to 14.9±1.86 Hz) and a significant (p<0.05) 
decrease in the tone of m. biceps femoris (13.2±1.42 vs.10.9±1.69 Hz). Differ-
ently from the tone of the lower extremities, the tone of the upper and mid-
dle part of the m. trapezius (p<0.05–0.01) increased significantly during the 
mission (respectively from 12.0±1.80 to 13.1±1.25 Hz and from 9.7±0.79 to 
10.5±1.21 Hz for the upper and middle part of m. trapezius).
Although there was a tendency towards unfavourable changes in body com-
position (towards an increase in fat content and a decrease in skeletal muscles 
percentage) during the mission, these changes were not statistically significant 
during the six-month period. Changes of the other variables studied (body 
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Table 1. Characteristics of the studied soldiers (n=65) before and after the six-month 
military mission
Variable
Mean SD Significance of the 










Body height (cm) 182.3 182.2 7.10 7.05 NS
Body weight (kg) 79.0 78.9 10.61 10.29 NS 
BMI (kg/m²). 23.8 23.9 2.71 2.41 NS 
25(OH)level (nmol/L) 39.7 104.3 14.36 24.23 p<0.0001 (p=0.0000)
% of skeletal mucles 41.32 40.7 2.89 2.25 NS 
Visceleral fat level 5.6 6.1 2.81 2.50 NS
% of fat 17.0 17.7 4.45 3.86 NS
WHRatio 0.8 0.8 0.06 0.06 NS
M. trapezius upper [TR(A)] 
tone (Hz)
12.0 13.1 1.80 1.25 p<0.05 (p=0.045)
M. trapezius middle [TR(B)] 
tone (Hz)
9.7 10.5 0.79 1.21 p<0.01 (p=0.003)
M. trapezius lower [TR(C)] 
tone (Hz)
10.3 9.66 1.78 1.15 NS
M. erector spinae (ES) tone 
(Hz)
9.8 9.1 1.66 1.30 NS 
M. rectus abdominis (RA) 
tone (Hz)
9.8 9.5 1.48 1.53 NS
M. biceps femoris (BF) tone 
(Hz) 
13.2 10.9 1.42 1.69 p<0.05 (p=0.032)
M. rectus femoris (RF) tone 
(Hz)
12.3 10.1 1.38 0.80 p<0.01 (p=0.002)
M. gastrocnemius (GM) 
tone (Hz)
13.7 13.1 1.35 1.63 NS
M. tibialis anterior (TA) tone 
(Hz)
17.4 14.9 1.49 1.86 p<0.01 (p=0.0013)
Pearson’s correlation analysis showed that the upper and middle m. trapezius 
tone was in correlation with WHRatio (respectively r=0.66 (p=0.0001) and 
r=0.49 (p=0.012)). The tone of the lower extremities was in inverse correla-
tion with the change of vitamin D status (r = –0.39 (p=0.008) in m. rectus femo-
ris and r = –0.38 (p=0.011) in m. tibialis anterior). There were also statistically 
significant medium correlation coefficients between vitamin D (25–OH) and 
body composition variables (negative correlations with skeletal muscle percent-
age respectively r = –0.45 (p=0.006) before and r = –0.46 (p=0.004) after the 
mission, and positive correlations with body fat percentage r=0.45 (p=0.006) 
and with visceral fat percentage r=0.45 (p=0.006) before and r=0.39 (p=0.020) 
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DISCUSSION
It is well documented that vitamin D deficiency (25-hydroxyvitamin D level 
of less than 50 nmol/L) is related to hypotonia, prolonged time of peak mus-
cle contraction and delayed time of muscle relaxation [15]. This may indicate 
that vitamin D status could be connected with muscle tone. It is also known 
that vitamin D intoxication (25-hydroxyvitamin D to more than 150 ng/L), 
although it is rare, is associated with hypercalcemia and hyperphosphatemia [9]. 
Although vitamin D insufficiency is ordinarily characteristic of Estonians, 
due to latitude differences and abundant exposure to UVB radiation, the vita-
min D level increased significantly in soldiers during the mission. Vitamin D 
status of soldiers increased significantly in mission time (from average 40 to   
104 nmol/L).
Current reference level for sufficient 25(OH)D is 50 nmol/L [8, 9]. We 
were interested in how the change of 25(OH)D (mean increase of 25(OH)D 
64 nmol/L ) influenced the functional state (tone) of the subjects’ muscles.
Firstly, contrary to our expectations, our results showed that the long-term 
military mission affected the muscle tone of the lower extremities even in condi-
tions where vitamin D status significantly improved. Different studies have shown 
that vitamin D may have an impact on muscle fibre composition and function.
A study of Sato et al. [18] found that treatment of elderly stroke survivors 
with 1000 IU of vitamin D2 significantly increased mean type II muscle fibre 
diameter and percentage of type II fiber over a 2 year period. There was also a 
correlation between serum 25(OH)D level and type II muscle fibre diameter 
both at baseline and after two years of follow-up [18]. 
Experiments in skeletal muscle have shown that biologically most active 
form of vitamin D (1.25(OH)2D) regulates muscle calcium uptake by modulat-
ing the activity of calcium pumps in sarcoplasmic reticulum and sarcolemma [2].
Modifications in intracellular calcium levels control contraction and relaxa-
tion of muscle, thus impacting muscle function [2, 3].
Thus, there are indirect suggestions [2] that too high increase of vitamin D 
level could affect muscle functions. Therefore, we can speculate that the rise of 
vitamin 25(OH)D level in average 64 nmol/L could be negatively related with 
the functional state of the muscles of lower extremities of the subjects.
Secondly, upper and middle part m. trapezius tone, which was in significant 
correlation with WHRatio, increased significantly during the strenuous long-
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circumference of the hips used for measuring of abdominal obesity [16]. In our 
study, we found significant positive correlations of WHR with visceral fat per-
centage and body fat percentage. 
How to explain the increase of the upper and middle part of m.trapezius tone 
but not of the lower part of m.trapezius in conditions of high physical load? It 
is evident that with the increase of WHR (associated with the increase of the 
anterior part of the body) we can expect higher tone of just the upper and mid-
dle part of m. trapezius to maintain body balance in gravity. Conditions of high 
physical load (added mass of up to 50 kg as equipment) could in turn improve 
the relations. 
CONCLUSIONS
Our study showed that the long-time military mission influenced the skeletal 
muscles functional state. The decrease in the muscle tone of lower extremi-
ties was related to the increase in serum vitamin 25(OH)D level (in average by 
64nmol/L). At the same time the muscle tone of m. trapezius increased in our 
subjects, and this increase was linked to WHR.
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